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(54) Gas generator for air bag and air bag system 

(57) To provide a gas generator for an air bag which 
enables a gas generating agent, to be completely 
burned in a desired period of time, and shows sufficient 
operating characteristics. * 

In a gas. generator for an air bag wherein igniting 
means to be actuated when an impact sensor detects 
an impact, solid bodies of gas generating agent to be 
ignited by the igniting means and burned to generate a 
combustion gas! and filter means for cooling the com- 
bustion gas and scavenging cornbustion residues are ^ ' 
accommodating in a housing having gas discharge . 
ports, the ratio (A/At) of the total surface area A of the 
solid bodies of gas generating agent to the total opening 
arcia At of the gas discharge ports is controlled to be 
larger than 300. 
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Description . ^ 

[Detailed Description of the Invention] 
[Field of the Invention] 



The present invention relates to a gas generator for 
an air bag for protecting a passenger from an impact, 
and an air bag system. In particular, this invention is 
concerned with a gas generator for an air bag wherein 10 
the ratio (A/At) of the total surface area A of solid bodies 
of gas generating agent contained in a housing to the 
total opening area At of gas discharge ports formed 
through the housing is controlled to a specified range. 

IS 

[Description of the Prior Art] 

In a conventional gas generator for an air bag. ignit- 
ing means to be actuated when an impact sensor 
detects an impact, a gas generating agent to be ignited 20 
by the igniting means and burned to generate combus- 
tion gas. and filter means for cooling the combustion 
gas and/or scavenging combustion residues are accom- 
modated in a housing having gas discharge ports. In 
this type of gas generator, when the igniting means is 25 
actuated upon detection of an impact, the gas generat- 
ing agent is ignited and burned to generate combustion 
gas. The combustion gas is cooled and purified by the 
filter means in the housing, and discharged out of the . . 
housing through the gas discharge ports. Gas generat- so 
ing agents used for generating the combustion gas may 
be roughly classified into azide-containing gas generat- 
ing agents, and other gas generating agent containing 
no azide. 

The azide-containing gas generating agent (such 3S 
as NaN3/CuO) has a relatively high linear burning veloc- 
ity, for example, about 45 - 50 mm/sec under a pressure 
of 70 kg/cm^. Accordingly, even when the gas generat- 
ing agent is formed into a relatively large pellet-like 
shape or disc-like shape that can be maintained with 40 
high stability, the gas generating pellets or discs may be 
completely burned in a desired period of time, i.e.. 40 to 
60 msec, when used in the gas generator for an air bag 
installed on the side of a driver seat, for example. 

On the other hand, the non-azide gas generating 45 
agent generally has a linear burning speed * of 30 
mm/sec or lower. If this gas generating agent is formed 
into a pellet-like shape with a diameter of 2 mm, or a 
disc-like shape with a thickness of 2mm. for example, 
the shape of the gas generating pellet or disc can be 50 
maintained with high stability, but it takes as much as 
about 100 msec to burn the gas generating agent where 
its linear burning velocity is about 20 mm/sec, which is 
longer than a desired burning time of 40 to 60 msec. 
Where the linear burning velocity is around 20 mm/sec. ss 
the diameter of the gas generating pellet or the thick- 
ness of the gas generating disc must be controlled to be 
around 1 mm so as to achieve a desired burning time. 



Where the linear burning veffl^pis 10 mm/sec or lower, 
the thickness of the gas generating pellet or disc must 
be reduced to 0.5 mm or smaller, ft is. however, practi- 
cally impossible to produce pellets or discs of the gas 
generating agent having such diameter or thickness, 
which can withstand vibrations of an automobile for a 
long period of time, while being held in ah industrially 
stable condition. The gas generator containing such gas 
generating pellets or discs does not perform its func- 
tions satisfactorily. Thus, it has been difficult to develop 
a gas generator that contains a non-aside gas generat- 
ing agent and can be advantageously used in practical 
applications. 

[Summary of the Invention] 

It is therefore an object of the present invention to 
. provide a gas generator for an air bag which permits its 
gas generating agent to be completely Ixirned within a 
desired period of time, and shows satis^ctory operating 
characteristics. 

Since the maximum pressure in the housing upon 
actuation of the gas generator varies with the tempera- 
ture of the outside air or atmosphere, it is difficult to pro- 
vide a gas generator for an air bag which exhibits stable 
operating characteristics, and does not substantially 
depend upon the temperature of the atmosphere. 

It is therefore another object of the present inven- 
tion to provide a gas generator for an air bag which is 
available at a reduced manufacturing cost, and which is 
able to operate with high stability, without depending 
upon the temperature of the atmosphere. . . 

The gas generator for' an air ba^ according to the 
present invention is characterized in thiat the' ratio (A/At) 
of the total sur^ce area A of solid bodies . of jgas gener- 
ating agent stored in a housing to the total opening area 
At of. gas discharge ports formed through the hoijsing is 
controlled to a sp'ecrfied range.".^ ^--^^"^ C',.^' ^ 

More specifically, in the gaW generator for an air bag . 
of the present invention wherein igniting means that is 
actuatedjwhen an impact sensor detects an impact, a 
gas ;generating agent^that is ignitedyby the Igni 
means and burped to generate combustion:gasr and fil- 
ter means for cooling the combustion gas and scaveng- 
ing combustion , residues are V accornmodat^ in a 
housing having gas discharge ports, the ratio (A/At) of 
the total surface area A of solid bodies of the gas gener- 
ating agent to the total opening area At of the gas dis- 
charge ports is controlled to be larger than 300. 

With the ratio (A/ At) of the total surface area A of 
the gas generating agent to the total opening area At of 
the gas discharge ports being controlled to be larger 
than 300, a difference between the maximum output 
pressures at SS**C and 20**C and a difference between 
the maximum output pressures at 20**C and -40**C in 
tank pressure tests using a tank whose capacity is 60 t 
may be each respectively 25 % or less of the maximum 
output pressure in the tank test at 20*C. Particularly, the 
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difference ^between the maximum output pressures is . 
preferably not higher than 40kPa. tn the gas generator 
for an air bag to be used for a driver seat and a passen- 
ger seat, the ratio (A/At) of the total surface area A of 
the gas generating agent to the total opening area At of 5 
the gas discharge ports may be controlled to be larger 
than 300 but not larger than 1300. and preferably con- . 
trolled to be in a range of 450 to 1300. more preferably, 
in a range of 450 to 1 000. 

In the invention A/At essentially depends on gas- 10 
discharging ports and a gas generating agent. No other 
factor can be taken in account. It is proposed that the . 
inf lator of the invention should be necessarily designed 
and worked with no other means, installed in the inf lator. 
having any substantial influence on A/At For example, tt is 
may be proposed not to place a member of a large 
resistance-having member upstream before parts which 
will choke the flow of the gas and control the internal 
burning (combusting) pressure. 

For example, as explained also in the below 20 
described embodiments, a coolant/fitter is in general 
placed before controling means of the burning pressure, 
i.e. the gas discharge ports, in order to cool the gener- 
ated gas and scavenge (trap) solid residues of the gas. 

The coolant/filter is made by forming a porous 25 
mesh member from a metallic wire so that the gas may 
pass through the inside of the member and the cool- 
ant/filter may exhibit the above shown functions. The 
physical contact between the generated gas and t^e 
coolant/filter causes heat-exchanging and collecting of 30 
residues as well as produces resistance to the gas flow 
at the same time. A similar flow resistance appears also . 
at the gas discharge ports controling the internal burn-, 
ing pressure. When the flow resistance of the coolartt/fil- , 
ter is lower than that of the gas discharge ports, the ratio 35 
A/At cand be designed and determined accurately as ' 
described above at the time of installing the coolant/fil- 
ter ' . 

The flow resistance of the gas discharge ports has 
an interrelation to their open area. Then the flow resist- ' 40 
ance of the coolant/fitter has an interrelation to the area 
where the gas passes. An example of these interrela- 
tions will be described later. 

;,The air bag gas generator for the driver- seat * 
described above has a suitable structure to install on 45 
the driver side, for example, in a steering wheel, etc.. 
That Is. the air bag gas generator for the driver seat is a 
gas generator used for air bag system to protect the 
driver by activation of the air bag system. On the other 
hand, the air bag gas generator for the passenger seat, so 
for example next to the drive in the front seat has a suit- 
able stucture to install on the passenger side, for exam- 
ple, in the vicinity of a dashboard etc.. That is. the air 
bag gas generator for the passenger seat is a gas gen- 
erator used for air bag system to protect the passenger ss 
on the passenger side by activation of the air bag sys- 
tem. 

The above-indicated housing may be formed by 
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casting or forging, or ma^e formed by pressing a dif- 
fuser shell having gas discharge ports through which 
the gas generated by burning the gas generating agent 
is discharged, and a closure shell having a central aper- 
ture in which the igniting rifieans is disposed, and joining 
these shells together by various welding methods, such 
as plasma welding, friction welding, projection welding, 
electron beam welding, laser welding and TIG welding. 
The housing thus formed by press working can be eas- 
ily manufactured at a reduced cost. Each of the diffuser 
shell and closure shell may be formed from a stainless 
steel sheet having a thickness of 1.2 to 3.0 mm, for 
example. The volume content of the housing is desira- 
bly in the range of 60 to 130 cc for an air bag gas gener- 
ator of the driver seat and 150 to 600 cc for an air bag 
gas generator of the passenger seat. The gas discharge 
ports formed through this housing are desirably circular 
holes having an inside diameter of 2 to 5mm, and the 
total opening area of these discharge ports is desirably 
in a range of 50 to 200 mm^ where the gas generator is 
used for an air bag for a driver seat, and in a range of 60 
to 500 mm^ where the gas generator is used for an air 
bag for a passenger seat. 

The gas discharge ports of the housing are prefera- 
bly closed by ari aluminum tape having a width that is 2 
to 3.5 times the diameter of each discharge port, for 
inhibiting entry of moisture from the exterior space into 
the housing. The aluminum tape may be an adhesive 
aluminum tape, or may be attached to the housing by 
means of various kinds of adhesiyes, such as those that 
are fused by heat to provide secure bonding. For exam- 
ple, a hot melt adhesive may be used to attach the alu- 
minum tape to the housing. : VI \y . 

The gas generating agent is more effectively used 
in the present gas gerierator particularly when its linear 
burning velocity is in the range of 7 to 30 mm/sec, pref- 
erably 7 to 15 mm/sec, under V pressure of 70 kg/cm^.* 
The gas generating agent having' such a property rhay 
be a non-azide gas'generating agent containing a nitro- 
gen containing organic compound, an oxidizing agent, 
and a slag-forming agent, for exarnple. The content of 
the nitrogen-containing' organic compound in the. gas 
generating agent may. be in the range of 25 to 60% by 
weight, and the content of the oxidizing agent may be in 
the range of 40 to 65% by weight.' while the content of 
the slag-forrhing agent .may be.in the range of 1 to 20% 
by weight. ^ , \ . , - . ■ 

The nitrogen-containing organic compound serves 
as a fuel and a nitrogen source. Such a nitrogen con- 
taining compound may be selected from those contain- 
ing tetrazole, triazole, or a nitrogen containing organic 
compound of these metallic salts or the like, and an oxy- 
gen containing oxidizing agent, such as alkali metal 
nitrate, as major components, and triaminoguanidine 
nitrate, carbohydrazide. nitroguanidine and others. In 
the present invention, nitroguanidine is particularly pre- 
ferred. The content of the nrtrogen containing com- 
pound in the gas generating agent may be generally in 
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the ran^e of 2^' to 60% by weight, pretBHiry; in the 

range of 30 to 40%by *wei^t, though it varies depend- 
ing upon the number of carbon elements, hydrogen ele- 
ments and other oxidized elements in its molecular " 
formula. Although the absolute value of the content of s 
the nitrogen containing compound differs depending ' 
upon the type of the oxidizing agent used, minor CO . 
concentration in the generated gas increases as the . 
absolute value is larger than tiie complete oxidation the- 
oretical value, and minor NOx concentration in the gen- .jo 
erated gas increases as the absolute value is equal to 
or smaller than the complete oxidation theoretical value. 
Accordingly, the content of the nitrogen containing com- . 
pound is most preferably controlled in the range in 
which these concentrations are optimally balanced. is 

The slag-forming agent in the gas generating com- 
position functions to convert a liquid form of an oxide of 
alkali metal or alkali earth metal particularly produced 
by decomposition of the oxidizing agent in the gas gen- 
erating composition, into a solid form, so as to retain the 20 
oxide in the combustion chamber and thus prevent the 
oxide in the form of mist from being discharged out of 
the inflator. The optimum slag-fbrming agent may be . 
selected to be suited for the metallic component to be 
converted into the solid form; The slag-forming agent 25 
may be formed of at least one kind selected from natural 
clays containing aminosilicate as a major component. % 
such as those isf bentonite and kaolin, and artificial ^ ' 
clays, such as isynthetic mica, synthetic kaolinite. and , 
synthetic smectite, and talc as one kind of minerals of 30 
water-containing magnesium silicate. In the present 
invention, acid clay may be preferably used as the slag- 
forming agent. The content of the slag-forming agent in 
the gas generating agent may vary from 1 to 20% by 
weight, and is preferably in the range of 3:to 7% by 35 
weight.:If the content of the siag-forming agent is :too . 
large, the linear burning velocity is reduced, with a result 
of reduction in the gas generating efficiency. Jf the con- ~. 
tent is too small, the slag-formihg agent cannot suffi- 
ciently fulfill its slag-forming function. 40 

The oxidizing agent may be selected from nitrates 
of alkali metals or alkali earth metals, chlorates, and 
perchlorates. as well known in the art.: In particular, the 
oxidizing agent preferably comprises at least one kind 
selected from nitrates of alkali metals or alkali earth '45 
metals, which contain cation. For example, strontium 
nitrate is preferably used. Although the absolute value 
of the content of the oxidizing agent in the gas generat- 
ing agent varies depending upon the kind and amount 
of the gas generating compound used, it is preferably In so 
the range of 40 to 65% by weight, in particular, in the 
range of 45 to 60% by weight in view of the CO and NOx 
concentrations as described above. 

Therefore, in the present invention, a non-azide gas 
generating agent consisting of 3 1 .5 % by weight of nitro- ss 
guanidine, 51.5 % by weight of Sr{N03)2. 10.0 % by 
weight of sodium salt of carboxymethyl cellulose and' 
7.0 % of acid clay may be used. Or a non-azide gas 
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generating agent consisting I^PfO % by weight of nitro- 
guanidine, 54.0 % by weight of Sr(N03)2. 10.0 % by 
weight of sodium salt of cartx^xymethyl cellulose and 
5.0 % of add clay may be used. ( 

The gas generating agent may further contain a 
selected one of various known binders, where the gas 
generating agent is formed into a' certain shape to pro- 
vide solid bodies. " ^. 

The gas generating agent may be foifmed into a 
cylindrical shape with a single hole, and in this case, the 
surface area of each body of the gas generating agent 
can be increased. To enable the gas generating agent 
to be completely burned within a desired burning time, 
the smallest thickness of the cylindrical wall of the gas 
generating body is preferably controlled to 0.01 - 2.5 
mm. more preferably, 0.01 to 1 .0 mm. Where this thick- 
ness is 0.85 mm. for example, the cylindrical gas gener- 
ating body with a single hole rnay have an olrtside 
diameter of 2.5 mm and an inside diameter of 0.8 mm. 
Where the thickness is 1 .2 mm. the cylindrical gas gen- 
erating body with a single hole may have" an outside 
diameter of 3.2 mm and an inside diameter of 0.8 mm. 

The amount of the gas generating agent contained 
in the'gas generator is preferably in a range of 20 to 50g 
. where the gas generator is to be useid for an air bag for 
a driver seat, and in a range of 50 to 1 90g where the gas 
generator is to be used for an air bag for a passenger 
seat."*; ' , . " ; :^ , ! 

Where the gas generating agent contained in the 
housing is a non-azide type gas generating agent, it has - 
a linear burnirig velocity of 5 to 30 or 7 to~30 mni/sec 
under a pressure of 70 kg/cm^. VVhen this gas generat- 
ing agent is used in gas generators for air to 
on an automobile, the gas generating agent needs to be 
.comj^etely burned in 40 to 60 nisec to inflate an air bag 
for a driver seat, and in 50 to'SO msec to inflate >n air 
bag for a passenger seat. To control combustion of the 
gas generatfng agent, therefore, the ratio (A/At) of the* 
total .surface area A of solid txKiies of the gas generat- 
ing agent to the total, opening area At^of the gas dis- 
charge ports is controlled to be larger than 300. In the 
gas generator for air bags used on the side of the driver 
seat and passepger seat, this ratio A^At rnay be corrtrol- 
led to be larger than 300 but not larger than 1300!' arid 
preferably' controlled to be in the range of 450 to 1300, 
more preferably, in a range of 450 to 1000. In this case. ' 
the gas generating agent can be completely burned in 
the above-indicated period of time. " ' ' 

If the ratio A/At exceeds the maximum value, the 
pressure in the gas "generator excessively increases, 
and the burning velocity of the gas generating agent is 
excessively high. If the ratio A/At is less than the mini- 
mum value, on the other hand, the pressure in the gas 
generator is lowered, and the burning velbdty is exces- 
sively low. In either case, the burning time of the gas 
generating agent is outside the desired range, and an 
operable gas generator cannot be provided. 

When the ratio (A/At) of the total surface area A of 
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the gas generating agent to the total opening area At of 
the gas discharge ports is controlled as described 
above, a difference between the maximum output pres- 
sures at 85**C and 20*C and a difference between the 
maximum output pressures at 20**C and -40**C in tank 5 
pressure tests using a tank whose capacity is 60 / are 
each 25 % or less of the maximum output pressure in 
thetanktest at 20''C and. further, can be not higher than 
40kPa. Thus, the maximum pressure in the housing 
upon actuation .of the gas generator does not depend 70 
upon the temperature of the atmosphere, and the gas 
generator for an air bag according to the present inven- . 
tion exhibits stable operating characteristics. . 

In the tank pressure test, the gas generator contain- 
ing the shaped bodies of gas generating agent is fixed is 
to the inside of a tank made of SUS (stainless steel:- 
according to Japanese Industrial Standard) and having 
a content volume of 60 liters. After the tank is air-tightly 
closed, the gas generator is connected to an external 
ignition circuit. By using a pressure transducer installed 20 
in the tank, pressure increases or changes in the tank 
are measured from time 0 to 200 milliseconds where the 
time 0 indicates a point of time when the switch of the 
ignition circuit is turned on. Measurement data are proc- 
essed by a computer, and finally represented as a tank 25 
pressure/time curve from which operating characteris- . 
tics of the gas generator can be evaluated. In this test, a 
portion of the gas in the tank may be sampled out after 
the combustion, to be analyzed in respect of its CO and 
NOx components, for example. According to -_the . 30 
present invention, the tank pressure tests are con; 
ducted at -AO^'C 20**C and 85**C. to obtain the maximum 
output pressure (namely, maximum tank pressure) from 
the tank pressure/lime curve at each temperature, and 
the difference between 4he maximum output, pressures 3S 
in the tank pressure tests at 85*0 and 20**C and the dif-. 
ference between the maximum output pressures in the . 
tank pressure tests at 20°C and -40*C are calculated. . 

When the gas generating agent burns in the hous- 
ing, its burning performance depends on environments 40 
where the gas generating agent has been placed. Espe- 
cially, the pressure index, which is an index "n" of the 
equation: rj,=a:* P " . in which "r^ * is a burning rate,."a".. 
is a constant depending on the initial temperature of the., 
gas generating agent and "P" is an internal pressure in .. 4S 
the housing, is a factor for the burning rate of the gas . 
generating agent. When the pressure index is large, the. 
higher the ambient pressure of combustion (the internal 
pressure of the housing) is, the faster the burning rate 
becomes. A conventionally used azide-containing gas so 
generating agent has a relatively low pressure index of 
0.2-0.5. The effect of the ambient pressure to the burn- 
ing rate is therefore small. A non-azide gas generating 
agent has a larger pressure Index of 0.4-0.7 tnan the 
azide gas generating agent and for this reason the burn- ss 
ing rate can remarkably, change in accordance with 
changes of the internal pressure of the housing (the 
ambient pressure) during combustion. 
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In terms of the burning rate rtsetf. it is known that an 
azide gas generating agent, such as NaN^ and CuO. 
has a relatively high burning rate of 45-50 mm^ec at 
normal temperatures. On the other hand, a non-azide 
gas generating agent generally has a burning rate of not 
higher than 30 mm/sec. In other words, the azide gas 
generating agent is little, influenced by the pressure 
change in combustion.and can maintain a relatiely high 
burning rate. The non-azide gas generating agent has a 
burning rate which changes in accordance with pres- 
sure changes in combustion. Then at a low initial com- 
bustion temperature . the internal pressure of the 
housing becomes low and therefore a non-azide gas 
generating agent difficultly burns. At a high initial com- 
bustion temperature is high, to the contrary, the internal 
pressure of the housing becomes high and the burning 
rate t^ecomes fast. When a gas generator (inf later) is 
produced with a non-azide gas generating agent having 
such a characteristic that the burning rate may greatly 
change with ambient ternperatures. more problems 
appear than anihflator containing an azide-containing 
gas generating agent, to which the below shown struc- 
tures will preferably meet ,v 

First, in iorder to complete combustion within a 
given period in time even at a slow burning rate, it is pro- 
posed to form as thin a gas generating agent as possi- 
ble and shorten a combustion distance. In this case, to 
avoid self-impacts caused by /combustion and being 
destroyed and shattered by vibrations from the outside, 
the thickness of a gas generating agent shaped with a 
hole(s), specially a single-hole cylinder, may be prefera- 
bly adjusted. 

Then in order to complete combustion within a 
given time, it is proposed to .improve ignitability of the 
gas generating agent. It is one method to enlarge or 
increase the surface area .(A) of the gas generating 
agent. Then the combustion ability can become con- 
stant by decreasing changes ;0f the pressure of the 
housing in combustion. For this purpose it is proposed 
that the area (At) of the nozzle(s) be adjusted to meet 
the surface area of the non-azide gas generating agent. 

The non-azide gas generating agent has a burning 
rate which changes according to different initial temper- 
atures in the same way as. the azide-containing gas 
generating agent. This dependency, on temperature 
appears almost the same way in both agents. The non- 
azide gas generating agent, however, has different com- 
bustion performances, depending on different ambient 
pressures after combustion caused by different initial 
temperatures. In order to decrease these differences of 
the combustion performance as much as possible, it is 
proposed that the pressure of housing be maintained to 
be as costant as possible by controting A/At. 

In the case of a non-azide gas generating agent, 
the above problems may be solved by setting the value 
of A/At higher than that for an azide-containing gas gen- 
erating agent 

The filter means functions to remove combustion 
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residue^s producied by combustion of the ^^^enerating 
agent, and to*coof the combustion gas. As the fitter 
means having these functions, a conventionally used fil- 
ter for purifying the generated gas and/or a coolant for 
cooling the generated gas may be used, or a layered 5 
wire screen fitter or the like may be used which is 
obtained by compressing wire screens formed of a suit^ 
able material into an annular layered structure. This lay- 
ered wire screen fitter may be formed, for example, by 
superposing some layers of plain-stttch wire mesh 70 
screens in radial directions, and compressing the wire 
screens in the radial and axial directions into an annular 
shape. The filter means thus formed has a complicated 
porous structure, and provides an excellent scavenging 
effect. Thus, the filter means provides a coolant/filter 75 
untt having both cooling and scavenging functions/ 
More specifically, a plain-stitch wire screen made of a ^ 
stainless steel is formed into a cylindrical body, and one 
end portion of this cylindrical body is repeatedly bent : 
outward to form an annular layered body, which is then 20 
compressed in a mold to form the fitter means. In - 
another method, a plain-stitch wire screen or mesh 
sheet made of stainless steel may be formed into a • 
cylindrical body, and the cylindrical body is pressed in a 
radial direction and formed into a planar body, which is - 25 
then rolled cylindrically many times Into a mutti-layered 
body. This layered body is then compressed in a mold to 
thus form the fitter means. The stainless.steel used as a . 
material for the wire screens may be selected from SUS - 
304. SUS 31 OS. SUS 316 (according to Japanese 30 
Industrial Standard), In particular, SUS 304 (18Cr-8Ni- 
0.06C), which is austenttic stainless steel, shows excel- : 
lent corrosion resistance. — 

Stainless steel has been referred to in way of wire . 
material for the coolant/fitter. Wrthout limrtation to this - 3S 
iron can be used advantageously from the point of cost. ^ 
etc.- * ■■"■^ ■ - i - ' 

The fitter means may have' a dual-layer structure 
having an inner or outer layer cbnsisting of the layered'' 
wire-screen body. The inner layer niay hiave a function' 40 
of protecting the filter means from a hot combustion gas - 
generated by combustion of the gas generating agent. 
The biiter layer may have functions to prevent the filter 
means' from swelling or expanding out due to the gas' 
pressure upon actuation of the gas generator, and clos- 45 
ing a space formed between the filter means and an 
outer circumferential wall of the housing. Where the fil- ' 
ter means is spaced apart from the inner circumferential 
surface of the housing, namely, where the space is 
formed between the outer circumferential surface of the * so 
fitter means and the inner circumferential surface of the 
housing, this space functions as a gas passage, which : 
permits the combustion gas to pass through the whole ' 
region of the fitter means such that the gas is effectively 
cooled and purified during the passage. ss 

This coolant/filter preferably has a bulk density of 
3.0-5.0 g/cm^, more preferably 3.5-4.5 g/cm^. A diame-^ 
ter of a linear wire for a metal mesh is preferably 0.3-0.6 



mm. For example, a mesh ^SPIhless steel may have a 
plain-strtched structure wfth a wire having a diameter of 
0.3-0.6 mm. In the plain-stitched structure all the 
stttches are dragged like loops at one direction. Wire 
meshes wtth such a structure are laid one on another at 
the radial direction and then pressed and moled to form 
a coolant/lilter. The wire rod is not limited to stainless 
steel and a coolantAfilter can also be formed by using a 
wire of tron.to have the above described structure. 

The coolant/fitter of the invention can be provided 
wtth a scavenging effect of combustion residues 
because of a complex structure described above. This 
is the reason tt has a certain amount of resistance (a 
pressure loss) against the gas flow. The resistance 
value, determined by the method of measuring a cool- 
ant/fitter pressure loss, described later in reference to 
Figure 8, is preferred to range from 10 mmH20 to 2000 
mmH20. thatMS. from 1 x 10*^ kgf/cm^ to 2 x 10*"* 
kgf/cm^; peran airflow of 1000 iimn in the atmosphere 
of 20»G. ' 

tt is proposed that the value of pressure loss of the 
filter means of the present invention in a preferred 
embodinient should be lower than the press;ure loss of 
the gas discharge ports of the housing and should not 
be any factorfor determination of A/At. In other words, 
the filter -means used appropriately in this invention 
does not have function to disturb a practical gas flow 
and control the internal corribustion pressure. ~ 

- The gas generator for an air bag according to the 
present invention may employ any type of system for 
sensing an impact and actuating the igntting means pro- 
vided that, and the gas generator is constructed as - 
described above. Namely^ the impact sensing and igntt- 
ing system may be of a mechanical ignition type in 
which the ignrtlon means is actuated only by a mechan- 
ical arrangement to generate gas when an impact sen-' 
spr detects an impact, or may be of ain electric' ignition 
type in which the igntting means is'actuated in response 
to ari electric signal transrhitted froiri an: impact sensor 
upon detection of an impact, to generate gas. ' 

• In the mechanical ignition type gas generator using 
mechianical igntting means.''a rnechanickl serisor for 
sensing an impact only by a mechanical arrangement. ' 
for example,' a sensor adapted to launch a plunger upon ' 
movement of a weighrt. is mounted in the housing. This 
housing is formed wtth a pluraltty of gas discharge ports, 
and incorporates a detonator that is igriHed and burned - 
when the' plunger launched by the mechanical sensor 
enters the detonator, igntting means comprising a trans- 
fer charge that is ignited and burned by the flame of the 
detonator.^- gas generating means that is igntted and 
burned by the flame' of the transfer charge to generate 
gas;- and fitter means for cooling and purifying the gen- 
erated gas. In the electric ignttion type gas generator 
using electrical igntting means, on the other, hand, the 
housing having gas discharge ports incorporates ignit- 
ing means comprising an igniter to be actuated in 
response to an electric signal transmttted from a sensor 
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upon detection of an impact, a transfer charge that is 
ignited and burned upon actuation of the igniter, gas 
generating means that is ignited and burned by a flame 
produced by the transfer charge to generate gas. and fil- 
ter means for cooling and purifying the generated gas. . 5 
The gas generator of mechanical ignition type or electric 
ignition type may employ a suitably selected structure. , 
other than the above** which is advantageous in the 
operating characteristics. 

The gas generator of the present invention may 10 
include other elements than those indicated above, pro- - 
vided that the ratio (A/At) of the total surface area A of 
the solid bodies of the gas generating agent installed in 
said housing to the total opening area At of the gas dis- 
charge ports is controlled as descrik>ed above. For is 
instance, the gas generator may employ a porous cylin- 
drical plate that surrounds the outer periphery of the fil- 
ter means so as to inhibit deformation of the filter 
means, and short-pass preventing means (plate men- 
bers. etc.) for surrounding the upper end and/pr lower 20 
end of the inner periphery of the filter means so as to - ^ 
inhibit the generated gas from short-passing through a 
clearance between the filter means and an inner surface . 
of the housing. The gas generator may also include a. . 
perforated basket having a cylindrical shape and many r2s 
holes, which surrounds the inner periphery of the filter., 
means so as to. prevent direct contact between the gas 
generating means and the filter rheans. - . 

The gas generator for an air bag. as describj^d 
above, and the air bag that is inflated by the gas gener- , 30 
ated by the gas generator are accommodated in a mod* . 
ule case, to provide an air bag system. This air. bag , . 
system further includes an impact sensor for detecting 
an impact to actuate the gas generator. If the gas gen:,^ ^ 
eratpr Js of a mechanical ignition type, the inpact sen- 3S 
sor consists of a mechanical sensor, and is stored in.the . 
housing, along vyith the igniting means. If the gas gener- .. 
ator is of. electric ignition type., on the other. hand, the . 
impact sensor may consist of a semiconductor acceler- 
ation isensor disposed outside a console box. fdr'exarn- 40 
pie. In this semiconductor type acceleration sensor, four 
semiconductor strain gauges are formed on, a beam of 
a .silicon substrate that is adapted to deflect upon appli- . 
cationof acceleration, such that these strain gauges are, . . 
connected in a bridge form: The beam is def lected iippn , 45 
application of acceleration thereto, and strains occur on 
the surface of the beam. The resistance of the semicon- 
ductor strain gauges changes due. to the strains, and . 
the changes in the resistance are detected as voltage . 
signals that are proportional to the applied acceleration. . so 
Where the electric ignition type gas generator is used, in 
particular, the air bag system may also includes a con- 
trol unit provided outside the module case. This control 
unit is provided _with an ignition determining circuit. , 
which receives signals from the semiconductor type .55 
acceleration sensor. At the point of time when the 
impact signal from the impact sensor exceeds a given 
value, the control unit starts computing, and generates 



an actuation signal to the gas generator when the result 
of computing exceeds a given value. 

In this air bag system, the gas generator is actuated 
in association with sensing of an impact by the impact 
sensor, so as to discharge the combustion gas through 
its gas discharge ports. The combustion gas is expelled 
into the air bag. so as to inflate the air bag while break- 
ing the module cover, so that the inflated air bag forms 
a cushion between a hard structure In the vehicle and a 
passenger. 

[Brief Description of the Drawings] 

Fig. 1 is a cross sectional view showing a gas gen- 
erator according to one embodiment of the present 
invention; 

Fig. 2 is a cross sectional view showing a gas gen- 
erator according to another embodiment of the 
present invention; 

Fig. 3 is a cross sectional view of one half of a gas 
generator according to yet another embodiment of 
the present invention; > . 
Rg. 4 is a cross sectional view of one haK of a gas 
generator according to a still another embodiment 
of the present invention; 

Rg. 5 is a cross sectional view showing a gas gen- 
erator of the present invention suitable for an air 
bag system for a passenger seat; 
Rg. 6 is a view showing the construction of an air 
bag system of the present invention; and - 

. Rg. 7 is a graph showing results of tank pressure 
tests. . .. ... / :^ . 

Rgure 8 is a schematic view of a' measuring device 

; of pressure loss of the coolant/filter. , .. 
Rgure 9 is a schematic view of admeasuring device 

^of,an air flow resistance (pressure loss) of the gas 



discharge ports.: 
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[Description of Reference Numerals] 

1 Diff user shell . i . . 

2 • - Closure shell ... ."l,^. ' : 

3 . 'S Housing . . J, r V . ' ,.'„ . , ' . * . 

4 Igniter . . V", , ' i \ . 

6 ' . Gas generating agent 

7 . Coolant/filter 

11 ' Gas discharge port , 

[Description of the Preferred Embodiments] 

Referring to the drawings, preferred embodiments 
of the present invention will be hereinafter described. 

Rg. 1 and Fig. 2 show gas generators for air bags 
used on the side of a driver seat. Fig. J is a cross sec- 
tional view showing a gas generator for an air bag 
according to the present invention. The present gas 
generator includes a housing 3 having a diffuser shell 1 
and a closure shell 2. igniting means, i.e.. an igniter 4 
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and a ti:ansfer charge 5, provided in a stomf^ space in 
this housing 3/a gas generating agent 6 that is ignited 
by the igniting means to generate combustion gas, and 
fitter means, i.e.. a coolant/filter 7, which defines a com- 
bustion chamber 28 for storing the gas generating agent 5 
6. 

The diffuser shell 1 is formed by pressing a stain- 
less steel sheet, and has a circular portion 12, a circur?)- 
ferential wall portion 1 0 formed at the outer periphery of 
the circular portion 12, and a flange portion 19 formed to 
at the distal end of the circumferential wall portion 10 to 
extend radially outward from this portion 10. In the 
present embodiment, sixteen Smm-diameter gas dis- 
charge ports 1 1 (the total opening area of the gas dis- 
charger ports At = 113 mnri^) are formed through the is 
circumferential wall portion 10, such that these dis- 
charge ports 1 1 are equally spaced apart from each 
other in the circumferential direction. This diffuser shell 
1 includes an inclined portion 49 which provides an out- 
wardly protruding circular portion 13 formed in a middle 20 
part of the circular portion 12. This inclined portion 49 
serves to increase the rigidity of tiie housing, in particu- 
lar, of the circular portion 12 of the diffuser shell that 
forms a ceiling portion of the housing, and also serves 
to increase the volume of the storage space of the hous- 25 
ing. A transfer charge container 53 for storing the traris- 
fer charge 5 is sandwiched by and between the 
protruding circular portion 13 and the igniter 4. 

The closure shell 2 is formed by pressing a stain- , 
less steel sheet, and has a circular portion 30. central 30 
aperture 15 formed through a central portion of the cir- 
cular portion 30. a circumferential wall portion 47 
formed at the outer periphery of the circular portion 30. 
and a flange portion 20 formed at the distal end of the . 
circumferential wall portion 47 to extend radially but- 35 
wards from 'this portion 47r The central aperture 15 is 
defined by an axial bent portion 14 of the closure shell 2 
which extends from the circular portion 30 in the axial 
direction. This bent portion 14 serves to increase the - 
rigidity of the peripheral portion of the central aperture 40 
15, and provides a relatively large surface to be joined 
to a central cylindrical member 16. The central cylindri- 
cal member 16 is fitted in this central aperture 15. such ^' 
that one of opposite end faces 1 7 of the central cylindri- 
cal member 16 is flush with an end face 18 of the bent 4S 
portion 14. ....... 

The diffuser shell 1 and closure shell 2 are joined 
together by superposing the flange portion i 9 of the dif- 
fuser shell 1 and the flange portion 20 of the closure 
shell 2 at an ax.ially middle position of the housing 3 and so 
performing a laser welding 21 to form the housing 3. 
These flange portions 19, 20 serve to increase the rigid- 
ity of the housing 3, in particular, Its outer circumferen- 
tial wall 8. thereby preventing deformation of the 
housing due to the pressure of the generated gas. ss 

The central cylindrical member 16 consists of a 
stainless steel tube which is open at both ends, and 
fixed at one end to the protruding circular portion 13 of 
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the diffuser shell 1 by eleci^^eam welding 22. An 
ignition means storage chamber 23 is formed inside this 
central cylindrical member 16, and the igniter 4 and the 
transfer charge container 53 are disposed within the 
igniting means storage diamber 23. The igniter 4 is 
actuated in response to a signal from a sensor (not 
shown), and the transfer charge 5 filling the transfer 
charge container 53 is ignited or fired by the igniter 4. 
The central cylindrical member 16 has a holding mem- 
ber 24 for holding the igniter 4. and this holding member 
24 consists of an inward flange portion 25 for limiting 
axial movement of the igniter 4. a cylindrical portion 26 
in which the igniter 4 is fitted and which is fixed to the 
inner circumferential surface of the central cylindrical 
member 16, and a crimped portion 27 formed by crimp- 
ing, which cooperates with the inward flange portion 25 
to fix the igniter 4 in place in the axial direction. The cen- 
tral cylindrical member 16 also has through-holes 54 
formed in one end portion thereof remote from the hold- 
. ing merhber 24. In the present embodiment, six through 
holes 54 having a diameter of 2.5 mm are formed at reg- 
ular intervals in the circumferential direction. ^ 

The central cylindrical member 16 is fbrrhed by roll- 
ing a stainless steel sheet into a tube. In the case of an 
electric ignition type gas generator, the central cylindri- 
cal member 16 is formed by rolling a stainless steel 
sheet having a thicl^ess of 1 .2 to 3.0 mm into a tubular 
shape, and welding its joint to form a tube having an out- 
side diameter of 1 7 to 22 mm. In the case of a mechan- 
ical ignition type gas generator, the central cylindrical 
mender 16 is formed by rolling a stainless steel sheet 
having a thickness of 1 .5 to 7.0 mm into a tubular shape, 
and welding its joint to form a tube having an outside 
dianfteter of 19 to 30 mm. Such a welded tube may he 
forrried by^a' UO press method (in' which'^^^a sheet is 
formed into U'shape. and then into O shape,' followed by 
weldirig bf its joint), or formed as an electric resistance 
welded tube'(obtained by formirig a ^hieet into a circular 
shape, and welding its joint under pressure with'a large 
current flowing through it while ^generating resistance 

The c6olant/fiIter7"is disposed so as to sun-ound 
the 'gas generating agent 6.yand defines an annular 
chamber, nameiy, a'^conribustion chamber 28, "around 
the central cylindrical member.16. This coolant/filter 7 is 
formed by superposing sorne layers of plain-stitch wire 
screens made of stainless steel in the radial direction, 
and compressing the wire screens in the radial and axial 
directions. In this cooiaht/f liter 7, each layer has a loop- 
like mesh that is squashed or pressed out of shape, and 
such layers are laminated on each other in the radial 
direction. Thus, the coolant/filter 7 has a complicated 
porous structure, and provides an excellent scavenging 
effect. An outer layer 29 consisting of a layered wire net 
structure is formed outside the coolant/filter 7. This 
outer layer 29 serves as means for preventing the cool- 
ant/filter 7 from swelling or expanding but into a space 9 
due to the gas pressure upon actuation of the gas gen- 
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erator, scr that the space 9 is not closed by the cool- 
ant/filter 7. This outer layer 29 also has a : cooling 
function. This outer layer 29 includes, for example, a 
porous cylinder and a belt-like layer, called as a swell- 
suppresses The coolant/filter 7 defines the combustion * 5 
chamber 28. and serves to cool the combustion gas 
generated in the combustion chamber 28 while scav- 
enging or entrapping combustion residues. • - 

The closure shell 2 includes an inclined portion 31 
formed in the circumferential direction so as to surround 10 
its circular portion 30. This inclined portion 31 functions 
to inhibit radial movement of the coolant/filter 7. and 
also functions to form the space between the outer cir- 
cumferential wall 8 of the housing and the coolant^ilter 

7. .15 

A large numt^er of solid bodies of gas generating 
agent 6 are provided in the combustion chamber 28. 
Each txKiy of the gas generating agent 6 has a hollow, 
cylindrical shape, which is advantageous in that com- 
bustion takes place at its outer surface and inner sur- : 20 
face at the same time, and the overall surface area of . ; 
the gas. generating agent 6 does not significantly 
change as .the combustion progresses. In the present - 
embodiment; the gas generating agent contains 25 to - 
60% by weight of nitroguanidine, 40 to 65% by weight of ^ 25 
strontium , nitrate, and 1 to 20% by weight of add clay, . . 
and is formed into a hollow cylindrical shape having an 
outside diameter of 2.4 mm. inside diameter of 0.8 mm, 
and a length of 2 mm. The combustion chamber. 28. of . 
the housing is filled with 37g of the gas generating agent ,30 
(having a linear burning velocity of 11 mm/sec at the . 
pressure of 70 kgf/cm^. the total surtece area of the gas / 
generating agent bodies: A = 56804 mm^). 

, Plate members. 32. 33 are provided at the upper 
end portion and lower end portion of the coolant^ilter 7. 
respectively The plate member 32 consists of a circular ~ 
portion 36 closing an opening 40 at the upper end por- 
tion of the coolant/filter 7. arid a drcumferential portion 
34 formed integrally with the circular portion 36 and 
abutting on an inner circumferential surface 41 of the ...40 
coolant/filter 7. The drcular portion 36 has a central 
aperture 35 fitting on the outer periphery of the central 
cylindrical member 16. The circumferential wall portion . ~ 
34 is opposed to the tfirough-holes 54 through which a , - 
flame is ejected from the igniting means, and covers the -".45 
Inner drcumferential surface 41 of the coolant/filter, 7 . 
facing the through-holes 54. This circumferential , wall - 
portion 34 prevents the coolant/filter 7 from being dam- 
aged by the flame ejected toward the coolant/filter 7, . 
and also functions to change the direction of the ejected . so 
flame so that the flame is sufficiently circulated through . - 
the gas generating agent 6. The. plate memt>er 32 is 
fixed to the central cylindrical member 16 which limrts.- . 
radial movement of the plate member 32, and thus 
serves as means for positioning the coolant/filter 7 dur- 55 
ing assembly of the gas generator. The plate member 
32 also functions as short-pass preventing means for 
preventing the combustion -gas from short-passing 



through a clearance between an inner surface 37 of the 
housing and an end face 38 of the coolarrt^ilter 7. which 
dearance may appear due to the pressure of the com- 
bustion gas upon actuation of the gas generator. 

The plate member 33 consists of a circular portion 
50 for closing an opening 42 at the lower end portion of 
the coolant/fitter 7. and a drcumferential wall portion 51 
formed integrally with the drcular portion 50 and abut- 
ting on the inner circurnferential surface 41 of the cool- 
ant/filter 7. The circular portion 50 has a central 
aperture 39 fitted on the outer periphery of the central 
cylindrical member 16. and is in contact with the solid 
bodies of gas generating agent 6 to prevent movement 
of these gas generating bodies. The plate member 33 is 
gripped or held by resilient force between the central 
cylindrical member 16 and the coolant^ilter 7. and pre- 
vents the combustion gas from passing along an end 
face 43 of the coolant/filter 7 opposite to the above-indi- 
cated end face 38. The plate member 33 also functions 
as a welding protective plate during welding, 

A space 9 is formed between the outer circumferen- 
tial wall 8 of the housing and the outer layer 29 of the 
coolant/filter 7. With the space 9 thus provided, an 
annular gas passage is formed around the coolant^ifter 
7 as viewed in a radial cross section. The area St of the 
. gas passage as measured in the radial cross section is 
miade larger than the sum At of opening areas S of the 
gas discharge ports 1 1 of the diff user shell: In the pres- 
ence of the gas passage aroijnd' the coolant/filter 7, the 
combustion gas passes through the whole region of the 
coolant/fitter 7, to be direded -toward the gas passage, 
thereby achieving efficient use of the coolant/filter 7 and 
effective cooling and purification of the combustion gas. 
The combustion gas thus cooled and purified by the 
coolant/filter 7 reaches the gas discharge ports 11 of 
the diff user shell 1 through the gas passage as 
described above. r: r.o i - . ; - * 

An aluminum tape 52. is attached to the diff user, 
shell 1 to close the gas discharge ports :11. so as to 
inhibit entry of moisture from the exterior space into the 
housings. -^^ - - ^ ^ n:^ : % :^ . ' 

In the gas generator of the present embodiment, 
the ratio (A/^t) of A to At is 502 where A (56804 mnri^) is 
• the sum of surface areas or total surface area of the 
solid bodies of gas generating agent 6. and At (113 
mm^) is the total opening area of the gas discharge 
ports 1 1 of the drffuser shell 1 . This ratio A/At is gener- 
ally controlled to.be in the range of 450 to 1 000. With the 
ratio A/ At thus controlled, the burning velocity of the gas 
generating agent is controlled to be suited for air bags 
for driver seats, and the gas generating agent mounted 
in the present gas generator can be completely burned 
within a desired period of time. Also, the present gas 
generator is less likely to be influenced by changes in 
the temperature of the atmosphere, thus assuring sta- 
ble operating characteristics. . > 

In assembling the gas generator of the present 
embodiment, the diffuser shell 1 to which the central 
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cyiindrk:al merrber 16 is joined is placed^Mis bottom 
provided by the protruding' circular portion 13, and the 
plate member 32 is passed along the central cylindrical 
member 16. The coolant/fitter 7 is then fitted on the out- 
side of the circumferential wall portion of the plate mem- 5 
ber 32. so that the coolant/filter 7 is positioned by the 
plate member 32. The space inside the coolant/fifter.7 is - 
filled with the solid bodies of gas generating agent 6. 
and then covered with the plate member 33. -Thereafter, 
the closure shell 2 is mounted on the plate member 33- ro 
by inserting the central cylindrical member- 16 through ^• 
the-central aperture 15 of the closure shell .2, and the . « 
flange portion 20 of the closure shell 2 is superposed on 
the flange portion 1 9 of the diff user shell 1 . In this state, - 
the diff user shell 1 is joined to the closure shell 2 by. 75 
laser welding 21 . and the closure shell 2 is joined to the 
central cylindrical member 16 by laser welding 44. In the - 
final step, the transfer charge container 53 and igniter 4 ■ 
are inserted into the central cylindrical. member 16, and..-, 
a crinped portion 27 of . an igniter- holding member is 20 
crimped so as to fix the container 53 and igniter 4 in 
position. , 

-In the present gas ^generator constructed- as ^ ^ 
described above, when an impact is detected by a sen- 
sor (not shown), a signal is transmitted from the sensor 25 
to the igniter 4, which is then actuated to ignite or fire the ; 
transfer charge 5 in the transfer charge container 53, - 
thereby producing a high-temperature flame. This flame : 
is ejected through the through-holes 54r to ignite the ; 
gas generating agent 6 around the through-holes 54. so 
and then directed downward to ignite the gas generat- 
ing agent 6 located in the lower portion of the combus- - 
tion chamber. As a result, the gas generating agent 6 : 
burns to produce high-temperature, high-pressure gas. 
and the combustion gas thus produced passes through - 35 
the whole region of the coolant/filter 7, where the gas isV 
effectively cooled and the combustion residues are ^ " 
scavenged or entrapped during the passage.' The coni- 
bustion gas thus' cooled arxi purified passes through the 
gas passage (space 9). and ruptures the aluminum tape 
52. to be ejected or expelled through the gas discharge ^ 
ports 1 1 and flows into an air bag (not shown). The air " * 
bag then inflates to form a cushion between'a passen- 
ger and a hard structure, therisby protecting the passen- 
ger from the impact. ^ ' - . - : - : * 45 

Fig. 2 is a cross sectional view showing^a gas geh- 
erator for an air bag according to another embodiment : 
of the present invention.- The present gas* generator^^" 
includes a housing 63 consisting of a diffuser shell el- 
and a closure shell 62. an igniter 64 disposed in a stor- .50 
age space within the housing 63, a gas generating 
agent 66 that is to be ignited by the igniter 64 to produce ' 
combustion gas. and a coolant/filter 67 that defines a • • 
combustion chamber 84 for storing the gas generating- 
agent 66. -55 

The diffuser shell 61 is formed by pressing a stain- ' 
less steel sheet, and has a circular portion 78, a circum- 
ferential wall portion 76 formed at the outer periphery of 
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the circular portion 78. and^BBige portion 86 formed 
at the distal end of the circumferential wall portion 76 to 
extend radially outward from this portion 76. A plurality 
of gas discharge ports 77 are formed through the cir- 
cumferential wall portion 76 at regular intervals in the 
circumferential direction. The circular, portion 78 of the 
diffuser shell 61 has a plurality of rit>-(ike reinfordng por- 
tions 79 formed in radial directions. These rib-like rein- 
forcing portions 79 serve to increase the rigidity of the 
housing, in particular, of the circular portion 78 of the 
diffuser shell that provides a ceiling portion of the hous- 
ing,, thereby inhibiting the housing from being deformed 
due to the gas pressure 

The closure shell 62 is formed by pressing a stain- . 
less steel sheet, and has a circular portion 71 . a circum- 
ferential wall portion 72 formed at the outer periphery of 
the circular portion 71 ; and a flange portion 87 formed 
at the distal end of the circumferential wall portior^72 to 
extend outward from this portion 72. The circular fSdrtion 
71 has a recessed portion 73 formed with a stepped 
portion 48 in its central portion, and a central aperture 
74 formed through a central part of the recessed portion 
73. The centi^l aperture 74 is defined by arfaxial bent 
portion 75 formed at the inner periphery of the closure 
shell 62: The bent portion 75 has an inner circumferen- 
tial surface 81 in which a barrel portion 80'of the igniter 
is fitted, and an end face 83 that engages with a mount- 
ing portion 82 of the igniter. The inner circunrferential 
surface 81 of the axial bent portion 75 provides a rela- 
tively large area for sealing the interior of the housing. 
To ensure the air-tightness of the housing, a sealing 
material may fill an interface between the barrel portion 
80 of the igniter and the inner circumferential surface 81 
of the bent portion 75. or the mounting portion 82 of the 
igniter may be welded to the en^ face 83 of the bent por- 
tion 75: The end face-83''engaging With'tfie' mounting * 
portion 82 of the igniter serves to prevent the igniter 64 
fronri: being pulled out of .the hVusing^due to the gas 
pressure in' the contoustiohlihamber 84;*The stepped 
portion 48 of the closure shell 62 increases the rigidity 
of the housing,^ in particular, "of thie circular^ portion™71 
that provides a bottorh portion of the housing. With the 
recess^ pbrtiqn 73 formed as described ^bove. a'con-'^ 
nector " bottom face ; 85 ' of 'the igniter "1s" positioned 
inwardly of the outer surface' of the circular portion 71. ' 
The bent portion 75 serves to increase the rigidity'of the ' 
peripheral portion of the central aperture 74." "'^ 

The housing 63 is formed by superposing the 
flange portion 86 of the diffuser shell 61 and the flange 
portion 87 of the closure shell 62 on each other at an - 
axially middle position of the housing 63. and subjecting 
it to a* laser beam welding-88. thus joining the diffuser 
shell 61 and closure shell 62. These flange portions 86; 
87 serve to increase the rigidity of the outer circumfer- 
ential wall 68 of the housing, thereby preventing defor- 
mation of the housing due to the pressure of the" 
generated gas. ' 

The igniter 64 includes a generally used electric 
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igniter adapted to be* actuated in response to a signal 
from a sensor (not shown). The electric igniter is more 
preferable than a mechanical igniter, since it has a sim- 
plified structure with no mechanical arrangement, and 
has reduced size and weight- In the present embodi- 5 
ment, the igniter 64 (its output is 300 to 1500 psi in a 
closed pressure vessel of lOcc) is not accompanied by 
the transfer charge container 53 as shown in Fig. .1 or . 
the like, because the gas generating agent 66 has good 
ignition and combustion characteristics. The gas gener- 70 
ating agent 66 has a hollow, cylindrical shape, which is , 
advantageous in that combustion takes place at its 
outer surface and inner surface, and the overall surface 
area of the gas generating agent 66 does not signifi- 
cantly change as the combustion progresses. 75 

The coolant/filter 67 is disposed concentrically with 
the central aperture 74, and cooperates with the hous- 
ing 63 to define the combustion chamber 84. This cool- 
ant/filter 67 is formed by superposing some layers of 
plaln-stitch wire screens made of stainless steel in the -^0 
radial direction, and compressing the wire' screens in 
the radial direction and axial direction. The coolant/filter 
67 defining the combustion chamber 84 serves to cool 
combustion gas generated in the combustion chamber 
84, and scavenge or. entrap combustion residues. An 25 
outer layer 89 consisting of a layered wire net structure 
is formed outside the coolant/filter 67, and serves to 
reinforce the coolant/filter and cool the combustion gas. 

The method of measuring a pressure loss of the 
coolant/filter will be described below. 30 

In Figure 8 is shown a schematic view of a measur- - 
ing device of pressure loss of the coolant/fitter. This is . 
an embodiment of a method for determining a value of 
pressure loss of the coolant/Fitter 300 made of. stainless 
wire rolled up into a cylindrical shape. A certain amount . 35 
of air is blown from the inside of a tested coolant 300. As 
seen in Figure, the coolant/firter is equipped at one end ^ 
with a supporting plate 303 having a air-feeding tube 
and at the other end with a supporting plate 303, 
thereby to avoid air from leaking, with a manometer 304 . 40 
installed. Therefore, air blown through the tube 302* 
attached to a supporting plate 303 joined to one end of . 
the cylindrical. coolant/fitter 300 has to flow outwardly, 
through the cylindrical side of the coolant/filter 300. In 
this case, the tube 302 where a certain amount of air 45 
passes should have a sufficiency large cross-sectional 
area and a smooth internal wall to obtain a precise 
result of pressure loss. The numeral reference to 305 is 
a flow meter to send a constant amount of . air to the 
coolant/filter. Sealing means such as packing is applied so 
on the contacting surfaces between the supporting 
plates and the side ends of the coolant/filter so that the 
coolant/filter may be firmly inserted between the sup- 
porting plates and air may not leak out of between the 
contacting surfaces. When a given amount of air is fed ss 
under these conditions, part of the air blown into the 
coolant 300 goes out from the side of cylindrical cool- . 
ant/filter 300. accompanied by a decreased pressure 



oljserved. This is a determination of air flow resistance 
of the coolant/filter. In other words, a value which the 
manometer shows is a pressure loss of the coolant/filter 
300. . 

There are shown results of air flow resistance of a 
coolant/fitter having an outer diameter of 60 mm, an 
inner diameter of 47 mm and a height of 29.5 mm, made 
of stainless steel wire having a diameter of 0.5 mm, an 
amount of air blown being 1000 //min. When the shape 
and the wire's diameter are constant, an airflow resist- 
ance of the coolant^itter depends on its apparent bulk 
density (weightArolume) of the coolant/filter. For exam- 
ple, an apparent bulk density is 3 qlcrr? gives an airflow 
resistance of 70 mmH20 (0:007 kgf/cm^). 4 g/cm3 gives 
300 mmH20 (0.030 kgf/cm^). 5 g/cm^ gives 800 
mmH20 (0.080 kgf/cm^). It is noted that the air flow 
resistance of the coolant/fitter is well correlated with the 
density. 

Then it is possible to measure an air flow resistance 
of the gas discharge ports or.gas flow-throttling means. 
A method of measuring an air flow resistance of the gas 
discharge ports is shown in Figure 9. This measuring 
method is , in principle, the same as that for measuring 
a pressure loss of the coolant/fitter as shown in Figure 
8. Namely, in Figure 9, a manometer 304 is attached to 
the diff user shell 307 having gas discharge ports, which 
is equivalent to the . upper supporting plate with a 
manometer 304 placed over the upper end of the cool- 
ant/filter in Figure 8. For accurate mesurement of an air 
flow resistance of the gas discharge ports, it is neces- 
sary to prevent the air flowed into the diff user shell 307 
through the tube 302 from leaking out of any means 
except the gas discharge ports. Therefore, the diffuser 
shell 307 is pressed on a supporting plate 303 through 
an 0-ring 306 inbetween. In Figure 9. the diffuser shell 
307 is pressed to be fixed to the supportig plate 303 
with screws using an air bag module attachment holes - 
formed on the flange portion of the diffuser shell. The O- 
ring 306 prevents air. from leaking from between the 
flange of the diffuser shell 307 and the supporting plate 
303. And for accurate measurement of the pressure 
loss, the tube 302 has a sufficientsy large cross-sec- 
tional area aigainst the amount of the air flow described 
in Figure 8. and a smooth internal wall. , Under these 
considitions, when a given amount of air is flown into a 
tube 302, a portion of air hiaving entered in the diffuser 
shell goes put from the gas discharge ports 301 and a 
decrease pressure can be observed. As a result, an air 
flow resistance of the gas discharge ports is taken from 
a value (pressure loss) which the manometer shows. If 
the air flow resistance of the gas discharge ports 
obtained by the above shown method is sufficiently 
larger than that of the coolant/filter, the relation; A/At. 
can be accurately defined and determined. The airflow 
resistance of the gas discharge ports is 12000 mrnHgO 
(1.2 kgf/cm^) for the total open area of the gas dis- 
charge ports of 50 mm^. It is 2500 mmH20 (0.25 
kgf/cm^) for 100 mm^ and 1000 mmH20 (0.1 kgf/cm^) 
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for 200 mm^. This way the air llow resistcMl^of the gas 
discharge poiis is well cofrelated with the total area of 
the gas discharge ports. 

In an embodiment of the invention it was found that ' 
an air flow resistance of gas-discharging ports having a 5 
total area of 91 mm^ was 4000 mmH20 (0.4 kgf/cm^) 
and an air flow resistance of the coolant/filter having a- 
density of 4 g/cm^ was 300 mmHgO (0.030 kgf/cm^). - 

The closure shell 62 formed by press working 
includes an inclined portion 90 formed in the circumfer- io 
ential direction to surround its circular portion 71. This* 
inclined portion 90 serves to position .the coolant/fitter 
67 and inhibit radial movement of the coolant/f ilter 67, * 
and also serves as means for forming a space 69 
between the outer circumferential wall 68 of the housing 'is 
63 and the outer layer 89 of the coolant/filter. 

A targe number of solid bodies of gas generating 
agent 66 each having a hollow cylindrical shape are 
provided In the combustion chamber 84. The bodies of 
gas generating agent 66 are directly loaded in the space 20 
inside the combustion chamber 84. to be disposed adja- 
cent to the igniter 64, and their movements are limited ' 
by a circular portion 92 of a plate member 91 that closes 
an opening 45 defined by one end portion of the cool- - 
ant/filter 67, The plate member 91 has the circular por- -25 
tion 92, and a circumferential wall portion 93 formed 
integrally with the circular portion 92, which abuts on an - 
inner circumferential sur^ce of the above-indicated one 
end portion of the coolant/filter 67 to cover the inner cir- . 
cumferential surface. The plate member 91 prevents the 30 
combustion gas from short-passing through a clearance 
between one end face 94 of the coolant/filter and the cir- 
cular portion 78 of the diffuser shell. The other end face 
95 of the coolant/filter at which the plate member 91 is 
not provided is fixed to the inner face 46 of the housing 35 
by welding /thereby to prevent the combustion gas fronn - 
passing along the other end face 95. With the end face ^ 
95 of the coolant/filter welded to the inner face 46 of the * 
hosing, a packing formed of silicon rubber or theMtke * 
and having flame resistance and resiliency need not be 
provided between the end face 95 of the coolant/filter 
and the' inner face' 46 of the housing/ - " 

**The space 69 is formed between the outer circum- 
ferential wall 68 of the housing and the outer layer 89 of • 
the coolant/filter, so as to form an annular gas passage '.'45 
around the coolant/filter 67. as viewed in a radial cross 
section. As in the gas'.generator shown in Fig. 1, the 
area of the gas passage as measured in the radial cross 
section is made larger than the total opening area of the 
gas discharge ports 77 of the diffuser shell. By the pres- so 
ence of the gas passage around the coolant/filter, the * 
combustion gas passes through the whole region of the 
coolant/filter 67, to be directed toward the gas passage, 
thereby achieving efficient use of the coolant/filter 67 
and effective cooling and purification of the combustion ss 
gas. The combustion gas thus cooled and purified by 
the coolant/filter 67 reaches the gas discharge ports 77 • 
of the diffuser shell 61, through the gas passage as 



described above. An alunilVrtape 96 is attached to 
the inside of the housing so as to dose the gas dis- 
charge ports 77 of the diffuser shell. 

In the gas generator of the present ^nbodiment. 
the ratio (A/At) of A to At is controlled to be 'in the range 
of 450 to 1000. as in the gas generator of Fig. 1 , where 
A is the total surface area of the solid bodies of gas gen- 
erating agent 66. and At is the total opening area of the 
gas discharge ports 77 of the diffuser shell 61 . With the 
ratio A/At thus' controlled, the burning velocity of the gas 
generating agent is controlled to be suited for an air bag 
installed on the side of a driver seat^ and the gas gener- 
ating agent provided in the present gas generator can 
be conripletely burned within a desired pehod of time. 
Also, the present gas generator is less likely to he influ- 
enced by changes in the temperature of the atmos- 
phere, thus assuring stable operating characteristics. 

In assembling the gas generator : of the present 
embodiment, the closure shell 62 is placed such that its 
circular -portion 71 is placed at the bottom, arid the 
igniter 64 is disposed in the central aperture "74. Then 
the coolant/filter 67 is disposed on the closure shell 62. 
and the inner space of the coolant/filter 67 is filled with ' 
the gas generating agent 66. and then covered with the 
plate member 91. Finally, the flange portion 86 of the 
diffuser shell and the flange portion 87 of the closure 
shell are superposed on ecich other, and subjected to 
laser welding 88, so that the diffuser shell 61 and clo- 
sure shell 62 are joined together.' 

In the present gas generator constructed as 
described above, when an impact is detected by a sen- 
sor (not shown), a signal is transmitted from the sensor 
to the igniter 64. which is then actuated to ignite the gas 
generating agent 66 in the combustion charnber 84. As 
a result, the gas generating agent 6 burns to produce 
high-temperature, high-pressure gas; and the combus- 
tion gas thus produced passes through the whole region 
of the coolant/filter 67,* where' the gas is effectively 
cooled and the combustion rei^dues' are scavenged or 
entrapped during the passage' The combustion gas 
thus cooled and purified passes through the gas pas- 
sage provided by the space 69. and ruptur^ the aliirni- 
nunfi tape 96. to be ejedied through' the gas discharge 
ports 77 and flow into an air bk^g (not shown). The air 
bag then inflates to form a cushion between a passen- 
ger and a hard structure, thereby to protect the passen- 
ger from the impact, - ♦ < ^ , . s' r. 

' Fig. 3 shows an example of a gas generator, which 
is similar to that of Fig. 1 . wherein a diffuser shell 1 ' and 
a closure shell 2' are formed by casting, using an alumi- 
num alloy. The diffuser shell 1 ' has a circular portion 1 2*. 
a central cylindrical portion 16' fbrnried integrally with the 
circular portion 12*. a circumferential' waif portion 10* 
formed at the outer periphery of the circular portion 12*. 
and a flange portion 19* formed at the distal end of the 
drcumferentiai wall portion 10* to extend radially out- 
ward from this portion 10*. The closure shell 2* has a cir- 
cular portion 30*. a centi-al aperture 15' formed through 



12 



23 



EP0 876 943 A2 



a middle'part of*the circular portion 30*. a circumferen- 
tial wall portion 47* formed at the outer periphery of the 
circular portion 30*. and a flange portion 20' formed at 
the distal end of the circumferential wall portion 47' to 
extend radially outward from this portion 4T, The central 
cylindrical portion 16' of the diffuser shell is fitted in the 
central aperture 15' of the closure shell. The flange por* 
tion 19* of the diffuser shell and the flange portion 20'.of. 
the closure shell are superposed on each other, and 
subjected to laser welding 2V. so that the diffuser shell 
V and closure shell 2* are joined together to form a 
housing 3*. in Fig. 3, the same reference numerals as 
used in Fig. 1 are used to identify the same elements 
and detailed description thereof are omitted. 

Fig. 4 shows an example of a gas generator, which 
is similar to that of Fig. 2, having a diffuser shell 61 ' and 
a closure shell 62' are formed by casting, using an alu- 
minum alloy. The diffuser shell 61 ' has a circular portion 
78', a circumferential wall portion 76' formed at the outer 
periphery of the circular portion 78'. and a flange portion 
86' formed at the distal end of the circumferential wall 
portion 76' to extend radially outward from this. portion 
76'. The closure shell 62' has a circular portion 71 ', a cir- 
cumferential wall portion 72' formed at the outer periph- 
ery of the circular portion 71', and a flange portion 87 
formed at the distal end of the ctrcunnferential wall por- 
tion 72' to extend radially outward from this portion 72*. 
A central aperture 74' is formed through a middle part of 
the circular portion 71 '. The barrel portion 80 of the 
igniter 64 is fitted in the central aperture 74' of the clo- 
sure shell 62', and the mounting portion 82 of the igniter. 
64 engages with an inner surface 129 of the circular 
portion 71' of the closure shell 62'. The flange portion 
86' of the diffuser shell and the flange portion 87' of the 
closure shell are superposed on each other, and sub- 
jected to laser welding 88. so that the diffuser shell .61* 
and closure shell 62' are joined together to form a hous- 
ing 63'. In Fig. 4, the same reference numerals as used 
in Fig. 2 are used to identify the same elements and 
detailed description thereof are omitted. 

Fig. 5 shows a gas generator for an air bag to be 
used on the side of a passenger seat. This gas genera- 
tor has a housing 104 having a cylindrical portion 101 
and side wall portions 102. 103 provided at the opposite 
ends of the cylindrical portion 1 01 . A plurality of gas dis- 
charge ports 100 are formed through the cylindrical por- 
tion 101. such that they are arranged in .its 
circumferential and axial directions. A transfer tube 105 
is provided in a central portion of the housing 104, and 
a large number of discs of gas generating agent 1 06 are 
arranged in parallel with each other to fit on the outer 
surface of the transfer tube 105. Further, a coolant/filter 
107 is provided to surround the gas generating agents 
106. Igniting means comprising a transfer charge 108 
and an igniter 1 09 is provided at one of the side wall 
portions 102. and is accommodated in the transfer tube 
105. A screw bolt 110 for fixing the irrflator to a module 
is fixed to the other side wall portion 103. The transfer 



tube 105 is provided with a large number of openings 
111 -tiirough whic^ a flame generated by the transfer 
charge 108 is ejected, such that the openings 111 are 
formed through the cylindrical wall of the transfer tube 

5 105 at regular intervals. An aluminum tape 124 is 
secured to the inner surface of the housing 1 04 to cover 
at least -a region of the housing 104 where the gas dis- 
charge ports 100 are formed. This aluminum tape 124 
air-tightly closes the.discharge ports 100, so as to pre- 

10 vent entry of moisture from the exterior space into the 
housing through the discharge ports 100. 

Plate members 112. 113 are respectively provided 
at right-hand and left-hand end portions of the cool- 
ant/filter 107 as viewed in Fig. 5. The plate member 112 

75 consists of a drcular portion 1 15 for closing an opening 
144 at the right-hand end portion of the coolant/fitter 
107, and a circumferential wall portion 1 17 formed inte- 
grally with the circular portion 115 and abutting on an 
inner circumferential surface 116 of the coolant/filter 

20 1 07. The circular portion 115 has a central aperture 118 
in which the transfer tube 105 is fitted. The plate mem- 
ber 1 1 3 has a circular portion 121 , a circumferential wall 
portion 122. and a central aperture 123. which are sim- 
ilar to those of the plate nr^ember 112. These plate mem- 

25 bers 112,. 113 are fixed to the transfer tube 105 such 
that radial movements of these members 112. 113 are 
limited or restricted by the tube 105. and thus serve to 
position the coolant/filter 107 during assembly of the 
gas generator. The plate members 112. 113 also serve 

30 as means for inhibiting movement of the coolant/filter 
107 due to vibrations of the vehicle and as short-pass 
preventing means for preventing combustion gas from 
short-passing through a clearance between the inner 
surface 1 19 of the housing and an end face 120 of the 

35 coolant/filter upon actuation of the gas generator. 

A space 125 is formed between the cylindrical por- 
tion 101 of the housing and the coolant/fitter 107. With 
the space 125 thus provided, an annular gas passage 
as viewed in a radial cross section is formed around the 

40 coolant/filter 107. ,The area St of the gas passage as 
measured in the radial cross section is made lager than 
the sum -At of opening areas S of the gas discharge 
ports 100 oj the cylindricai portion. By the presence of 
the gas passage, the cornbustion gas passes through ~ 
': 45 the whole region of the coolant/filter, to be directed 
toward the gas passage, thereby achieving efficient use 
of the coolant/filter and effective cooling and purification 
of the combustion gas. The combustion gas thus cooled 
and purified by the coolant/filter 107 reaches the gas 

so discharge ports 100 of the cylindrical portion of the 
housing, through the gas passage as described above. 

In the present gas generator, the ratio A/At is con- 
trolled to be in the range of 450 to 1000 where A is the 
total surface area of the gas generating discs 106, and 

55 At IS the total opening area of the gas discharge ports 
1 00 of the cylindrical portion. In this embodiment, where 
32 gas discharge ports having an inside diameter of 3 
mm are formed, the sum At of their opening areas is 226 
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mm^. and wh^Ve the housing is filled wlll0BOg of gas 

generating agfent as shown in Fig. 1, the sum A of the 
surface areas thereof is 153524 mm^, resulting in a ratio 
A/At of 679. With the ratio A/At thus controlled, the burn-, 
ing velocity of the igas generating agent is controlled to 5 
be suited for an air bag to be used on the side of a pas- 
senger seat, and the gas generating agent provided in 
the present gas generator can be completely burned 
within a desired period of time. Also, the present gas 
generator is less likely to be influenced by the tempera- 10 
ture of the outside atmosphere, thus assuring stable 
operating characteristics. 

When an Impact is detected by a sensor, a signal is 
transmitted from the sensor to the igniter 109, which is 
then actuated to ignite or fire the transfer charge 108 to is 
generate a high*temperature flame. The flame is 
ejected through the openings 1 1 1 of the transfer tube 
105. and ignites the gas generating discs 106 provided 
around the openings 1 11 . As a result, the gas generat- 
ing agent 106 burns to produce high-temperature, high- 20 
pressure combustion gas. The combustion gas thus 
produced passes through the whole region of the cool- 
ant/filter 1 07. where the gas is effectively cooled and the. . 
combustion residues are scavenged or entrapped dur- 
ing the passage. The combustion gas thus cooled and 25 
purified passes through the gas passage (space 125). 
and ruptures the aluminum tape 124. to be ejected 
through the gas discharge ports 100 and flow into an air 
bag (not shown). The air hag then inflates to form a. 
cushion between a passenger and a hard structure, 30 
thereby to protect the passenger from the inpact. 

Fig. 6 shows an example of an air bag system hav- 
ing the gas generator of the present invention. This air 
bag system includes a gas generator 200, an impact 
sensor 201 . a control unit 202. a module case 203. and 3S 
an air bag 204. ^ '''^ ' [' ' 

The gas generator explained above with reference 
to Fig. 1 is used as the gas generator 200.-' • ' 

The impact sensor 201 may consist of a semicon- 
ductor type' acceleration sensor, for example. -In this 40 
serhiconductor type acceleration sensor, four semicon- 
ductor strain gauges are formed on a beam of a silicon * 
substrate that is adapted to deflect upon 'application of 
acceleration, such that these strain gauges are con- 
nected in a bridge form. The beam is deflected upon 45 
application of acceleration thereto, and strains occur on 
the sur^ce of the beam. The resistance of the semicon- 
ductor strain gauges changes due to the strains.- and 
the changes in the resistance are detected as voltage 
signals that are proportional to the applied acceleration, so 

The control unit 202 includes an ignition determin- 
ing circuit, which receives signals from the semiconduc- 
tor type acceleration sensor. At the point of time when 
the impact signal from the impact sensor exceeds a pre- 
determined value, the control unit 202 starts computing, ss 
and generates an actuation signal to the igniter 4 of the 
gas generator 200 when the result of computing 
exceeds a predetermined value. 
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The module case 203 ^^phed of polyurethane, for 
example, and includes a module cover 205. The air bag 
204 and the gas generator 200 are accommodated in 
the module case 203, to thereby provide aipad module 
which is attached to a steering wheel 207 of an automo- 
bile. 

The air bag 204 is formed of nylon (nylon 66, for 
example), polyester or other material, and fixed to the 
flange portion of the gas generator as it is folded, with its 
opening 206 sun^ounding the gas discharge ports of the 
gas generator. 

When the semiconductor type acceleration sensor 
201 detects an impact upon crash of the automobile, an 
output signal of the sensor 201 is transmitted to the con- 
trol unit 202. and the control unit 202 starts computing 
at the point of time when the impact signal from the sen- 
sor exceeds the above priedetermined value. The con- 
trol unit 202 then generates an actuation signal-to the 
igniter 4 of the gas generator 200 when the result of 
computing exceeds the above predetermined value. As 
a result, the igniter 4 is actuated to ignite the gas gener- 
ating agent, so that the gas generating agent burns to 
produce combustion gas. The gas thus generated is 
expelled into the air bag 204. so as to inflate the air bag 
204 while breaking the module cover 205. so that the 
inflated air bag 204 forms a cushion t^tween the steer- 
ing wheel 207 and the passenger so as to absorb the 
impact. . - - 

• In the gas generator of the present invention con- 
structed as described above, the gas generating agent 
provided in the gas generator can be completely burned 
within a desired period of time, and the maximum pres- 
sure in the housing upon actuation of the gas generator 
is unlikely to be influenced by changes in the tempera- 
ture of the atmosphere, thereby assuring stable operat- 
ing characteristics of the gas generator. ^ ' " - - 
[0074] • - '■' 

(Example] * ' ' j • ■ 

Tank Pressure Test' * * * - 

' Tank pressure tests using a tank whose capacity is 
60 / were conducted at 85**C, 20** C and '-40**C, using a 
gas generator for the driver seat in which the total sur- 
face area A of solid bodies of gas generatmg agent and 
the 'total opening area At of gas discharge ports are 
controlled to respective values as indicated below. The 
results of the tests are shown in Fig. 7. " ' 

-Gas generator- • 

The total opening area At of gas discharge ports 
(16 gas discharge ports each having an inside diameter 
of 3,0 mm) was 113 mm^. 

The bulk density of the coolant/filter was 4.03 
g/mm^. 

The pressure loss of the coollant/filter aginst 1000 
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//min of am air.flow at the tempreature of 20 *C was 300 
mmHaO (0.03 kgf/cm^) 

-Gas generating agent- 

The composition (weight ratio): nitroguani- 
dine/Sr(N03)2/sodium salt of carboxymethyl cellu- 
lose/acid clay = 31.0/54.0/10.0^.0 

Each pellet of the gas generating agent having a 
hollow cylindrical shape had an outside diameter 2.35 
mm. inside diameter of 0.69 mm and a length of 3.0 



Linear burning velocity under pressure of 70 kg/cm^ 
was 1 1 mm/sec 

The total surface area A of the pellets of the gas 
generating agent was 56804 mm^ (37g). 

The ratio (A/ At) of the total surface area A of the 
gas generating pellets to the total opening area At of the 
gas discharge ports was 502. 

-Evaluation" 

The evaluation on the results of the tank pressure 
tests shown in Fig. 7 indicates that where A/At is equal 
to 502 as in the above example, a difference between 
the maximum pressures in the tank at 85**C and 20*^0 is 
about 30 kPa. and a difference between the maximum 
pressures in the tank at 20**C and -40*C is about 20 
kPa. Thus, the differences between the maximum tank 
pressures at SS'^C and 20**C, and at 20'»C and -40*»C are 
smaller than 40kPa, which means that operating char- 
acteristics of the gas generator are less likely to be influ- 
enced by changes In the temperature of the 
atmosphere. 

And a difference between the maximum pressures 
in the tank at'85**C and 20*'C and a difference between 
the maximum pressures In the tank at 20**C and -40**C 
are each 25 % or less of the maximum output pressure 
(about 160 kPa) in the tank test at 20*»C. 

The invention being thus described, it will be obvi- 
ous that the same way may be varied in many ways. 
Such variation are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

Claims 



A gas generator for an air bag, comprising: a hous- 
ing having at least one gas discharge port; igniting 
means that is actuated when an impact sensor 
detects an impact; 

solid bodies of gas generating agent that are 
ignited by the igniting means and burned to 
generate a combustion gas; and 
coolant/filter means for cooling the combustion 



gas and scavenging combustion residues, said 
igniting means, said gas generating agent and 
said filter means being accommodated in said 
housing, wherein. 
5 a ratio (A/At) of a total surface area A of said 

solid bodies of gas generating agent to a total 
opening area At of said at least one^gas dis- 
. charge port is limited to be larger than 300. 

10 2. A gas generator for an air bag according to claim 1 . 
wherein a difference between the maximum pres- 
sures at 85*C and 20*C and a difference between 
the. maximum pressures at 20*C and -40®C 
obtained in tank pressure tests using a tank whose 

75 capacity is 60 £ are each 25 % or less of the maxi- 
mum output pressure in the tank pressure test at 
20«C. 

3. A gas generator for an air bag according to claim 1 , 
20 wherein 

a difference between maximum pressures at 
. 85*' C and 20**C and a difference between max- 
imum pressures at 20'P and -40'*C obtained in 
25 tank pressure tests using a tank whose capac- 

ity is 60 i are- respectively not higher than 
40kPa. 

4. A gas generator for an air bag according to claim 1 , 
30 wherein said gas generator is used for at least one 

of a driver side and a passenger side. and. said 
ratio (A/At) is larger than 300 and not larger than 
1300. . - 

35 5. A gas generator for an air bag according to claim 1 , 
wherein said gas generator is used for at least one 
. of a driver side and a passenger iside. and said ratio 
(AJAX) is in a range of 450 to 1300. . ! j . 

40 6. A gas generator for an air bag according to claim 1 , 
wherein said gas generator is used for at least one 
of a driver side and a passenger side, and said ratio 
(A/At) i^ in a range of 450 to 1000. 

45 7. A gas generator for an air bag according to claim 1 . 
wherein the total opening area At of said gas dis- 
charge port is in a range of 50 to 200 mm^ where 
the gas generator is used for an air bag for a driver 
side, and is in a range of 60 to 500 mm^ where the 

50 gas generator is used for an air bag for a passenger 
side. 

8. A gas generator for an air bag according to claim 1 . 
wherein the total surface area A of said solid Ixxdies 
55 of gas generating agent is in a range of 4 x 10"* to 7 
X 10"* mm^ where the gas generator is used for an 
air bag for a driver side, and is in a range of 6 x 10"* 
to 3 X 10^ mm^ where the gas generator is used for 
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9. A gas generator for an air bag according to claim 1 . 
wherein each of said at least one discharge port 
has an inside diameter of 2 to 5 mm. 5 

1 0. A gas generator for an air bag according to claim 1 , 
wherein said solid bodies of gas generating agent 
have a linear burning velocity of 7 to 30 mm/sec 
under a pressure of 70 kg/cm^. io 



tor upon detection^HR impact; 
an air bag which Is Inflated by a gas generated 
by said gas generator and introduced into the 
air bag; and j 
a module case that stores said air bag. said air 
bag system, wherein said gas generator for an 
air bag is the gas generator for an air bag as 
defined in claim 1. 



1 1 . A gas generator for an air bag according to claim 1 , 
wherein said solid bodies of gas generating agent 
have a linear burning velocity of 7 to 15 mm/sec 
under a pressure of 70 kg/cm^. • 

12. A gas generator for an air bag according to claim 1 , 
wherein said gas generating agent is a non-azide 
gas generating agent containing a nitrogen contain- 
ing organic compound, an oxidizing agent, and a 
slag-forming agent. 
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13. A gas generator for an air bag according to claim 
12. wherein said gas generating agent contains 25 
to 60% by weight of the nitrogen containing organic 
compound, 40 to 65% by weight of the oxidizing 
agent, and 1 to 20% by weight of the slag-^forming 
agent. 
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14. A gas generator for an air bag according to claim 
12, wherein the nitrogen containing organic com- 
pound is nitroguanidine. 
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15. A gas generator for an air bag according to claim 
12, wherein the slag-forming agent is acid clay. 
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16. " A gas generator for an air bag according to claim 1 , 

wherein each of said solid bodies of gas generating 
agent is formed into a cylindrical shape having a 
single hole. 40 

1 7. A gas generator for an air bag iaccording to claim 1 , 
-wherein an amount of said gas generating agent 

loaded in the gas generator is in a range of 20 to 
50g where the gas generator is to be used for an air 45 
bag for a driver side, and in a range of 50 to 190g 
where the gas genei-ator is to be used for an air bag 
for a passenger side. ' 



18, A gas generator according any one of Claim 1, 
wherein the value of a pressure loss of said filter 
means is lower than the value of a pressure loss of 
the gas discharge ports formed in the housing. 
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19. An air bag system comprising: 
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a gas generator for an air bag. 

an impact sensor that actuates the gas genera- 
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